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<ei (57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an oxygen pump having 
high oxide ion conductivity by depositing a first electrode having an 
oxidation-reduction effect, a solid electrolyte thin film having oxide 
ion conductivity, and a second electrode having oxidation-reduction 
effect on a porous substrate comprising a porous substrate and a 
metal oxide layer having a smoothened surface and fine pores on the 
substrate. 

SOLUTION: An aluminum film 9 having about 50 (im thickness is 
formed by sputtering or the like on an aluminum porous substrate 2 
having about 1 ^m surface roughness. Then an aluminum 9 formed 
on the porous substrate 2 is subjected to anodic oxidation in an 
oxalic acid soln. as an electrolyte by applying a DC voltage from a 
DC power supply between the aluminum and a Pt counter electrode 
to form a metal oxide film such as alumina 10 having fine pores 14 
of about several 10 nm pore diameter. The surface of the alumina is 
ground and polished to form a smoothened film. Then a first 
electrode thin film having an oxidation reduction effect, a solid 
electrolyte thin film having oxide ion conductivity, and a second electrode thin film having an oxidation- 
reduction effect are successively deposited on the alumina 10 to obtain a thin film oxygen pump. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to oxygen pumping which used a porosity 
substrate, its manufacture approach, and a solid electrolyte thin film, and its manufacture 
approach. 
[0002] 

[Description of the Prior Art] As oxygen pumping using a solid electrolyte thin film, the oxygen 
density sensor (1995 for example, Proceedings of the 21 th Chemical Sensor Symposium, 153), 
the fuel cell (3 (1989) for example, electrochemistry, No. 215), etc. are known. 
[0003] Respectively, using a platinum thin film and a zirconia thin film as a redox electrode and 
an oxygen ion conductivity solid electrolyte, by using a porosity alumina as a substrate, these 
carry out the laminating of the first platinum-electrode film, a zirconia thin film, and the second 
platinum-electrode film, and constitute them. The fundamental configuration and actuation of the 
oxygen-pumping section of this conventional technique are explained using drawing 7 . 
[0004] As shown in drawing 7 , on the porosity substrate 2, the thin film oxygen pumping 1 
carries out the laminating of the first electrode thin film 3, the solid electrolyte thin film 4 which 
has oxygen ion conductivity, and the second electrode thin film 5, and is constituted. Thus, it will 
move to the second electrode thin film 5 side from the first electrode thin film 3 side, and it 
oxidizes with the second electrode thin film 5, and if direct current voltage is impressed to the 
constituted thin film oxygen pumping 1 so that DC power supply 6 may be used and the first 
electrode thin film 3 and the second electrode thin film 5 may become a negative electrical 
potential difference and a forward electrical potential difference respectively, the negative 
oxygen ion in the solid electrolyte thin film 4 will serve as oxygen gas, and will be emitted to it. 
By the first electrode thin film 3 side, it is returned by the first electrode thin film 3 to 
coincidence to negative oxygen ion, and the oxygen gas which exists in the porosity substrate 2 
is supplied into the solid electrolyte thin film 4 with it at it. 

[0005] Thereby, oxygen gas moves in the direction of an arrow head 7 to the arrow head 8, and 

operates as oxygen pumping. 

[0006] 

[Problem(s) to be Solved by the Invention] In order to improve the engine performance of an 
oxygen density sensor or a fuel cell, it is necessary to improve the oxygen ion conductivity of a 
solid electrolyte thin film. The approach of making thickness of a solid electrolyte thin film thin 
for that purpose is effective. 

[0007] On the other hand, since the substrate which forms these devices needs to pass oxygen 
gas, it is necessary to use a porous material but, and since it is porosity, the surface roughness 
will become size. However, unless the surface roughness of the substrate ingredient which forms 



a thin film is fully smaller than the thickness of the thin film to form, it cannot cover the front 
face of a substrate completely. This is explained using drawing 8 . 
[0008] Although the situation which formed the first electrode thin film 3 on the porosity 
substrate 2 at drawing 8 (a) is shown, as shown in drawing, the front face of the porosity 
substrate 2 cannot be covered with the first electrode thin film 3 as the front face of the porosity 
substrate 2 is uneven. The same is said of the solid electrolyte thin film 4 naturally formed on it, 
and oxygen pumping cannot be constituted. On the other hand, the porosity substrate 2 needs to 
supply oxygen without resistance, and high porosity is desired. However, generally, the pore 
diameter of the porous material with high porosity will also be large, and surface roughness will 
become large. If thickness of the first electrode thin film 3 is thickened like drawing 8 (b), even 
if the front face of the porosity substrate 2 is uneven, it is possible to cover the front face. 
However, since the surface roughness of the first electrode thin film 3 is comparable as the 
roughness of the porosity substrate 2 of a substrate, unless the solid electrolyte thin film 4 
formed on these also thickens the thickness, a front face cannot be covered completely. 
Therefore, the technical problem that the conductivity of oxygen ion will decrease occurred. 
[0009] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 
porosity substrate of this invention is characterized by forming the metal oxide layer which has 
the detailed hole which graduated the front face on a porous substrate. 

[0010] Furthermore, the laminating of the thin film oxygen pumping of this invention is carried 
out in the first electrode which has a oxidation reduction operation on said porosity substrate, the 
solid electrolyte thin film which has oxygen ion conductivity, and the second electrode which 
has a oxidation reduction operation. 

[001 1] Moreover, a primary method is equipped with the process which graduates the front face 
of said porous layer using the process which forms a wrap metal membrane in a porous substrate 
front face for the front face of said nature substrate completely, and the process which forms the 
porous layer which has a detailed hole by anodizing said metal membrane as the manufacture 
approach of the porosity substrate of this invention. 

[0012] The second approach is equipped with the process which forms the porous layer which 
has a detailed hole, and the process which graduates the front face of said porous layer by 
countering with cathode and anodizing the field where the process which forms a wrap metal 
membrane in a porous substrate front face for the front face of said substrate completely and the 
field in which the metal membrane of said substrate was formed are opposite in an acid solution. 
[0013] The third approach is equipped with the process which forms a wrap metal oxide film in a 
porous substrate front face for the front face of said substrate completely, the process which 
forms the porous layer which has a detailed hole by returning said metal oxide film, and the 
process which graduates the front face of said porous layer. 

[0014] Furthermore, a primary method is equipped with the process which carries out the 
laminating of the first electrode which has a oxidation reduction operation, the solid electrolyte 
thin film which has oxygen ion conductivity, and the second electrode which has a oxidation 
reduction operation on a porosity substrate with a smooth front face as the manufacture approach 
of thin film oxygen pumping of this invention. 

[0015] The process to which the second approach fills up the inside of the hole of a porosity 
substrate into a solvent or a specific etching reagent with the solid-state of fusibility, The process 
which graduates by grinding the front face of the porosity substrate filled up with the solid-state 
of said fusibility, and forms the first electrode which has a oxidation reduction operation on said 



front face which carried out smooth, It has the process which carries out the laminating of the 
solid electrolyte thin film which has oxygen ion conductivity on said first electrode, and the 
second electrode which has a oxidation reduction operation to the process eluted with a solvent 
in the solid-state with which it was filled up in said porosity substrate. 

[0016] It has the process which carries out the laminating of the solid electrolyte thin film which 
has oxygen ion conductivity, and the second electrode which has a oxidation reduction operation 
on the process which forms the first electrode which has a oxidation reduction operation so that 
the third approach may furthermore cover the front face of said porosity substrate completely on 
a porosity substrate front face, the process graduated by grinding the front face of said first 
electrode, and said first graduated electrode. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
using drawing 6 from drawing 1 . 

[0018] (Gestalt 1 of operation) Drawing 1 is the schematic diagram having shown the approach 
of smoothing of the porosity substrate by the first example of this invention, and (c) is the 
process drawing from (a). 

[0019] In drawing 1 , 2 is a porosity substrate which consists of an alumina whose surface 
roughness is about 1 micrometer, and 9 is the aluminum film with a thickness of 50 micrometers 
formed by the sputtering method on it. Although drawing 1 (a) expresses the condition formed 
[ the front face ] thickness for the aluminum film 9 thickly enough completely on the porosity 
substrate 2 at the wrap sake, the front face is roughness 1 micrometers or more reflecting the 
surface roughness of the porosity substrate 2. 

[0020] Drawing 1 (b) oxidizes the aluminum film 9 using an anode oxidation method, and 
expresses the condition of having formed the porous alumina 10. The anode oxidation method 
used here is briefly explained using drawing 2 . 

[0021] In this example, 2% of oxalic acid solution 1 1 was used as the electrolyte, and it anodized 
by using DC power supply 13 between the counter electrodes 12 which consist of platinum, and 
impressing an about [ 20V ] electrical potential difference to it by making into an anode plate the 
aluminum film 9 formed on the porosity substrate 2. Under the present circumstances, oxidation 
is made to advance by countering with a counter electrode 12 and arranging the porosity 
substrate 2 side from the field where the aluminum film 9 touches the porosity substrate 2. 
[0022] The oxide film on anode of aluminum has the structure where the maximum dense filling 
of the eel 15 of the shape of a hexagonal prism which has the detailed hole 14 of about lOnm of 
aperture numbers was carried out as shown in drawing 3 , and a hole 14 is linearly formed in the 
thickness direction. In addition, drawing 3 (a) is the surface Fig. of an oxidation side, and 
drawing 3 (b) is a sectional view. Thus, the detailed hole 14 can be formed in high density in an 
anode oxidation method. 

[0023] The alumina 10 shown in drawing 1 (b) is carried out in this way, and is formed, and the 
detailed hole 14 is formed from the interface with the porosity substrate 2. By carrying out 
grinding of the front face of this alumina 10, and grinding it, as shown in drawing (c) of drawing 
I , a front face is very smooth, and the porosity substrate which moreover has the detailed hole 
14 only on a front face can be obtained. 

[0024] If the laminating of the first electrode thin film 3 which has a oxidation reduction 
operation on this alumina 10, the solid electrolyte thin film 4 which has oxygen ion conductivity, 
and the second electrode thin film 5 which has a oxidation reduction operation is carried out one 
by one, the thin film oxygen pumping 1 shown in drawing 7 can be constituted. In this example, 



the zirconia was used as platinum and a solid electrolyte which has oxygen ion conductivity as 
an electrode which has an oxidation reduction operation. 

[0025] Since thickness of the solid electrolyte thin film 4 which carries out a laminating by using 
the technique of this invention can be made thin, good high oxygen pumping of oxygen ion 
conductivity can be obtained. 

[0026] In addition, although this example explained the example using aluminum as a metal 
porosity-ized with an anode oxidation method, not only direct-current electrolysis but alternating 
current electrolysis is [ that what is necessary is just the metal which does not restrict the 
technique of this invention to aluminum and is porosity-ized with anode oxidation methods, such 
as titanium, a tantalum, silicon, niobium, chromium, molybdenum, vanadium, a zirconium, and 
germanium, ] sufficient also as anodic oxidation conditions. Moreover, what is necessary is just 
to use that to which the electrolytic acid solution also fitted each metal. 
[0027] Moreover, in the process to anodize, although oxidation may be made to advance from 
the aluminum film 9 side, when a hole does not reach even to the porosity substrate 12, it is 
possible [ it ] that oxygen permeability falls. 

[0028] Like the alumina 10 produced by anodic oxidation of this example, since the smoothing 
film which has a hole in the thickness direction has the small passage resistance which penetrates 
a gas to an one direction compared with the porous material with which pore continued like usual 
three dimensions, it is the the best for thin film oxygen pumping. 

[0029] (Gestalt 2 of operation) Drawing 4 is the schematic diagram having shown the approach 
of smoothing of the porosity substrate by the second example of this invention, and (c) is the 
process drawing from (a). 

[0030] In drawing 4 , 2 is the same porosity substrate as the first example, and 16 is the nickel 
film formed on it. Drawing 4 (a) expresses the condition formed [ the front face ] thickness for 
the nickel film 16 thickly enough completely on the porosity substrate 2 at the wrap sake. In this 
example, the thickness of this nickel film 16 is about 50 micrometers, and is formed by the 
sputtering method. 

[0031] If this is heated at about 800-900 degrees C in an oxidation furnace, the nickel film 16 
will oxidize and it will change to nickel oxide 17. This condition is drawing 4 (b). Next, oxygen 
is removed out of nickel oxide 17 by heating nickel oxide 17 in a hydrogen ambient atmosphere. 
The returned nickel is porosity nickel 1 8 which has a detailed aperture, and by carrying out 
grinding of the front face, and grinding it, its front face is very smooth and it can obtain the 
porosity substrate which moreover has a detailed hole. 

[0032] By using this substrate, good high oxygen pumping of oxygen ion conductivity which 
made thickness of a solid electrolyte thin film thin like the first example can be obtained. 
[0033] In addition, although this example explained the example using nickel as a metal oxidized 
and porosity-ized, the technique of this invention is not restricted to this metal. Moreover, nickel 
oxide may be formed from the beginning. 

[0034] (Gestalt 3 of operation) Drawing 5 is the schematic diagram having shown the approach 
of smoothing of the porosity substrate by the third example of this invention, and (d) is the 
process drawing from (a). 

[0035] In drawing 5 , 2 is the same porosity substrate as the first example. The condition of 
having heated this porosity substrate 2 with the hot plate, and having fluidized and infiltrated the 
wax 19 to that pore section is drawing 5 (a). A wax 19 is fluidized at about 200 degrees C from 
the temperature beyond a room temperature, and should just use what is easily dissolved in 
solvents, such as alcohol. 



[0036] The front face of this porosity substrate 2 is ground and graduated with a wax 19 
( drawing 5 (b)), and the first electrode thin film 3 which consists of platinum is formed in that 
front face ( drawing 5 (c)). Since this first electrode thin film 3 is formed at the room temperature 
using the sputtering method, the wax 19 has maintained that front face, without melting, and can 
form the small first electrode thin film 3 of surface roughness. Moreover, in case it graduates, the 
particle on the front face of a substrate has the effectiveness of a pile in dedropping. 
[0037] Next, a wax 19 is removed by dipping into alcohol, where this first electrode thin film 3 is 
formed ( drawing 5 (d)). In this way, since the formed first electrode thin film 3 has kept surface 
roughness small, it can make thickness of a solid electrolyte thin film thin like the above- 
mentioned example on this, and can obtain good high oxygen pumping of oxygen ion 
conductivity. 

[0038] In addition, in this example, before forming the first electrode thin film 3, it is desirable to 
irradiate argon ion and oxygen ion in the polished surface which the condition of drawing 5 (b) 
graduated. This is for the wax component which remained to the field which the porosity 
substrate 2 ground to be removed by ion irradiation, and for the bond strength of the first 
electrode thin film 3 to improve by it. 

[0039] In addition, although the first electrode thin film 3 was formed by the sputtering method 
in this example, you may form with a vacuum deposition method, plating, etc. 
[0040] Moreover, although the wax was used as an ingredient filled up with this example to the 
pore section of the porosity substrate 2, low-melt point point metals, such as lead, may instead be 
used. In this case, as for the metal used for restoration, what can carry out etching removal easily 
with an acid solution is desirable. 

[0041] (Gestalt 4 of operation) Drawing 6 is the schematic diagram having shown the approach 
of smoothing of the porosity substrate by the fourth example of this invention, and (a) and (b) are 
the process drawing. 

[0042] In drawing 6 , 2 is the same porosity substrate as the first example, and 3 is the first 
electrode thin film which consists of platinum formed on it. In this example, the thickness of the 
first electrode thin film 3 is completely formed for the front face thickly enough with about 50 
micrometers on the porosity substrate 2 at the wrap sake ( drawing 6 (a)). The condition of 
having deleted about 20 micrometers of front faces of this first electrode thin film 3 by polish, 
and having graduated them is drawing 6 (b). 

[0043] In this way, if the small first electrode thin film 3 of surface roughness is formed, the 
solid electrolyte thin film of the thin thickness can be carried out like the above-mentioned 
example on it, and good high oxygen pumping of oxygen ion conductivity can be obtained. 
[0044] 

[Effect of the Invention] Since thickness of a solid electrolyte thin film can be made thin as 
mentioned above according to this invention, high oxygen pumping of oxygen ion conductivity 
can be obtained. Consequently, operating temperature of an oxygen density sensor can be low- 
temperature-ized, or the output of a fuel cell can be improved. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to oxygen pumping which used a porosity 
substrate, its manufacture approach, and a solid electrolyte thin film, and its manufacture 
approach. 



PRIOR ART 



[Description of the Prior Art] As oxygen pumping using a solid electrolyte thin film, the oxygen 
density sensor (1995 for example, Proceedings of the 21 th Chemical Sensor Symposium, 153), 
the fuel cell (3 (1989) for example, electrochemistry, No. 215), etc. are known. 
[0003] Respectively, using a platinum thin film and a zirconia thin film as a redox electrode and 
an oxygen ion conductivity solid electrolyte, by using a porosity alumina as a substrate, these 
carry out the laminating of the first platinum-electrode film, a zirconia thin film, and the second 
platinum-electrode film, and constitute them. The fundamental configuration and actuation of the 
oxygen-pumping section of this conventional technique are explained using drawing 7 . 
[0004] As shown in drawing 7 , on the porosity substrate 2, the thin film oxygen pumping 1 
carries out the laminating of the first electrode thin film 3, the solid electrolyte thin film 4 which 
has oxygen ion conductivity, and the second electrode thin film 5, and is constituted. Thus, it will 
move to the second electrode thin film 5 side from the first electrode thin film 3 side, and it 
oxidizes with the second electrode thin film 5, and if direct current voltage is impressed to the 
constituted thin film oxygen pumping 1 so that DC power supply 6 may be used and the first 
electrode thin film 3 and the second electrode thin film 5 may become a negative electrical 
potential difference and a forward electrical potential difference respectively, the negative 
oxygen ion in the solid electrolyte thin film 4 will serve as oxygen gas, and will be emitted to it. 
By the first electrode thin film 3 side, it is returned by the first electrode thin film 3 to 
coincidence to negative oxygen ion, and the oxygen gas which exists in the porosity substrate 2 
is supplied into the solid electrolyte thin film 4 with it at it. 

[0005] Thereby, oxygen gas moves in the direction of an arrow head 7 to the arrow head 8, and 
operates as oxygen pumping. 



EFFECT OF THE INVENTION 



[Effect of the Invention] Since thickness of a solid electrolyte thin film can be made thin as 
mentioned above according to this invention, high oxygen pumping of oxygen ion conductivity 
can be obtained. Consequently, operating temperature of an oxygen density sensor can be low- 
temperature-ized, or the output of a fuel cell can be improved. 

TECHNICAL PROBLEM _ ~ 



[Problem(s) to be Solved by the Invention] In order to improve the engine performance of an 
oxygen density sensor or a fuel cell, it is necessary to improve the oxygen ion conductivity of a 
solid electrolyte thin film. The approach of making thickness of a solid electrolyte thin film thin 
for that purpose is effective. 

[0007] On the other hand, since the substrate which forms these devices needs to pass oxygen 
gas, it is necessary to use a porous material but, and since it is porosity, the surface roughness 
will become size. However, unless the surface roughness of the substrate ingredient which forms 
a thin film is fully smaller than the thickness of the thin film to form, it cannot cover the front 
face of a substrate completely. This is explained using drawing 8 . 
[0008] Although the situation which formed the first electrode thin film 3 on the porosity 
substrate 2 at drawing 8 (a) is shown, as shown in drawing, the front face of the porosity 
substrate 2 cannot be covered with the first electrode thin film 3 as the front face of the porosity 



substrate 2 is uneven. The same is said of the solid electrolyte thin film 4 naturally formed on it, 
and oxygen pumping cannot be constituted. On the other hand, the porosity substrate 2 needs to 
supply oxygen without resistance, and high porosity is desired. However, generally, the pore 
diameter of the porous material with high porosity will also be large, and surface roughness will 
become large. If thickness of the first electrode thin film 3 is thickened like drawing 8 (b), even 
if the front face of the porosity substrate 2 is uneven, it is possible to cover the front face. 
However, since the surface roughness of the first electrode thin film 3 is comparable as the 
roughness of the porosity substrate 2 of a substrate, unless the solid electrolyte thin film 4 
formed on these also thickens the thickness, a front face cannot be covered completely. 
Therefore, the technical problem that the conductivity of oxygen ion will decrease occurred. 



MEANS 



[Means for Solving the Problem] In order to solve the above-mentioned technical problem, the 
porosity substrate of this invention is characterized by forming the metal oxide layer which has 
the detailed hole which graduated the front face on a porous substrate. 

[0010] Furthermore, the laminating of the thin film oxygen pumping of this invention is carried 
out in the first electrode which has a oxidation reduction operation on said porosity substrate, the 
solid electrolyte thin film which has oxygen ion conductivity, and the second electrode which 
has a oxidation reduction operation. 

[001 1] Moreover, a primary method is equipped with the process which graduates the front face 
of said porous layer using the process which forms a wrap metal membrane in a porous substrate 
front face for the front face of said nature substrate completely, and the process which forms the 
porous layer which has a detailed hole by anodizing said metal membrane as the manufacture 
approach of the porosity substrate of this invention. 

[0012] The second approach is equipped with the process which forms the porous layer which 
has a detailed hole, and the process which graduates the front face of said porous layer by 
countering with cathode and anodizing the field where the process which forms a wrap metal 
membrane in a porous substrate front face for the front face of said substrate completely and the 
field in which the metal membrane of said substrate was formed are opposite in an acid solution. 
[0013] The third approach is equipped with the process which forms a wrap metal oxide film in a 
porous substrate front face for the front face of said substrate completely, the process which 
forms the porous layer which has a detailed hole by returning said metal oxide film, and the 
process which graduates the front face of said porous layer. 

[0014] Furthermore, a primary method is equipped with the process which carries out the 
laminating of the first electrode which has a oxidation reduction operation, the solid electrolyte 
thin film which has oxygen ion conductivity, and the second electrode which has a oxidation 
reduction operation on a porosity substrate with a smooth front face as the manufacture approach 
of thin film oxygen pumping of this invention. 

[0015] The process to which the second approach fills up the inside of the hole of a porosity 
substrate into a solvent or a specific etching reagent with the solid-state of fusibility, The process 
which graduates by grinding the front face of the porosity substrate filled up with the solid-state 
of said fusibility, and forms the first electrode which has a oxidation reduction operation on said 
front face which carried out smooth, It has the process which carries out the laminating of the 
solid electrolyte thin film which has oxygen ion conductivity on said first electrode, and the 
second electrode which has a oxidation reduction operation to the process eluted with a solvent 



in the solid-state with which it was filled up in said porosity substrate. 

[0016] It has the process which carries out the laminating of the solid electrolyte thin film which 
has oxygen ion conductivity, and the second electrode which has a oxidation reduction operation 
on the process which forms the first electrode which has a oxidation reduction operation so that 
the third approach may furthermore cover the front face of said porosity substrate completely on 
a porosity substrate front face, the process graduated by grinding the front face of said first 
electrode, and said first graduated electrode. 
[0017] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
using drawing 6 from drawing 1 . 

[0018] (Gestalt 1 of operation) Drawing 1 is the schematic diagram having shown the approach 
of smoothing of the porosity substrate by the first example of this invention, and (c) is the 
process drawing from (a). 

[0019] In drawing 1 , 2 is a porosity substrate which consists of an alumina whose surface 
roughness is about 1 micrometer, and 9 is the aluminum film with a thickness of 50 micrometers 
formed by the sputtering method on it. Although drawing 1 (a) expresses the condition formed 
[ the front face ] thickness for the aluminum film 9 thickly enough completely on the porosity 
substrate 2 at the wrap sake, the front face is roughness 1 micrometers or more reflecting the 
surface roughness of the porosity substrate 2. 

[0020] Drawing 1 (b) oxidizes the aluminum film 9 using an anode oxidation method, and 
expresses the condition of having formed the porous alumina 10. The anode oxidation method 
used here is briefly explained using drawing 2 . 

[0021] In this example, 2% of oxalic acid solution 1 1 was used as the electrolyte, and it anodized 
by using DC power supply 13 between the counter electrodes 12 which consist of platinum, and 
impressing an about [ 20V ] electrical potential difference to it by making into an anode plate the 
aluminum film 9 formed on the porosity substrate 2. Under the present circumstances, oxidation 
is made to advance by countering with a counter electrode 12 and arranging the porosity 
substrate 2 side from the field where the aluminum film 9 touches the porosity substrate 2. 
[0022] The oxide film on anode of aluminum has the structure where the maximum dense filling 
of the eel 15 of the shape of a hexagonal prism which has the detailed hole 14 of about lOnm of 
aperture numbers was carried out as shown in drawing 3 , and a hole 14 is linearly formed in the 
thickness direction. In addition, drawing 3 (a) is the surface Fig. of an oxidation side, and 
drawing 3 (b) is a sectional view. Thus, the detailed hole 14 can be formed in high density in an 
anode oxidation method. 

[0023] The alumina 10 shown in drawing 1 (b) is carried out in this way, and is formed, and the 
detailed hole 14 is formed from the interface with the porosity substrate 2. By carrying out 
grinding of the front face of this alumina 10, and grinding it, as shown in drawing (c) of drawing 
I , a front face is very smooth, and the porosity substrate which moreover has the detailed hole 
14 only on a front face can be obtained. 

[0024] If the laminating of the first electrode thin film 3 which has a oxidation reduction 
operation on this alumina 10, the solid electrolyte thin film 4 which has oxygen ion conductivity, 
and the second electrode thin film 5 which has a oxidation reduction operation is carried out one 
by one, the thin film oxygen pumping 1 shown in drawing 7 can be constituted. In this example, 
the zirconia was used as platinum and a solid electrolyte which has oxygen ion conductivity as 
an electrode which has an oxidation reduction operation. 

[0025] Since thickness of the solid electrolyte thin film 4 which carries out a laminating by using 



the technique of this invention can be made thin, good high oxygen pumping of oxygen ion 
conductivity can be obtained. 

[0026] In addition, although this example explained the example using aluminum as a metal 
porosity-ized with an anode oxidation method, not only direct-current electrolysis but alternating 
current electrolysis is [ that what is necessary is just the metal which does not restrict the 
technique of this invention to aluminum and is porosity-ized with anode oxidation methods, such 
as titanium, a tantalum, silicon, niobium, chromium, molybdenum, vanadium, a zirconium, and 
germanium, ] sufficient also as anodic oxidation conditions. Moreover, what is necessary is just 
to use that to which the electrolytic acid solution also fitted each metal. 
[0027] Moreover, in the process to anodize, although oxidation may be made to advance from 
the aluminum film 9 side, when a hole does not reach even to the porosity substrate 12, it is 
possible [ it ] that oxygen permeability falls. 

[0028] Like the alumina 10 produced by anodic oxidation of this example, since the smoothing 
film which has a hole in the thickness direction has the small passage resistance which penetrates 
a gas to an one direction compared with the porous material with which pore continued like usual 
three dimensions, it is the the best for thin film oxygen pumping. 

[0029] (Gestalt 2 of operation) Drawing 4 is the schematic diagram having shown the approach 
of smoothing of the porosity substrate by the second example of this invention, and (c) is the 
process drawing from (a). 

[0030] In drawing 4 , 2 is the same porosity substrate as the first example, and 16 is the nickel 
film formed on it. Drawing 4 (a) expresses the condition formed [ the front face ] thickness for 
the nickel film 16 thickly enough completely on the porosity substrate 2 at the wrap sake. In this 
example, the thickness of this nickel film 16 is about 50 micrometers, and is formed by the 
sputtering method. 

[0031] If this is heated at about 800-900 degrees C in an oxidation furnace, the nickel film 16 
will oxidize and it will change to nickel oxide 17. This condition is drawing 4 (b). Next, oxygen 
is removed out of nickel oxide 17 by heating nickel oxide 17 in a hydrogen ambient atmosphere. 
The returned nickel is porosity nickel 1 8 which has a detailed aperture, and by carrying out 
grinding of the front face, and grinding it, its front face is very smooth and it can obtain the 
porosity substrate which moreover has a detailed hole. 

[0032] By using this substrate, good high oxygen pumping of oxygen ion conductivity which 
made thickness of a solid electrolyte thin film thin like the first example can be obtained. 
[0033] In addition, although this example explained the example using nickel as a metal oxidized 
and porosity-ized, the technique of this invention is not restricted to this metal. Moreover, nickel 
oxide may be formed from the beginning. 

[0034] (Gestalt 3 of operation) Drawing 5 is the schematic diagram having shown the approach 
of smoothing of the porosity substrate by the third example of this invention, and (d) is the 
process drawing from (a). 

[0035] In drawing 5 , 2 is the same porosity substrate as the first example. The condition of 
having heated this porosity substrate 2 with the hot plate, and having fluidized and infiltrated the 
wax 19 to that pore section is drawing 5 (a). A wax 19 is fluidized at about 200 degrees C from 
the temperature beyond a room temperature, and should just use what is easily dissolved in 
solvents, such as alcohol. 

[0036] The front face of this porosity substrate 2 is ground and graduated with a wax 19 

( drawing 5 </A> (b)), and the first electrode thin film 3 which consists of platinum is formed in 

that front face (drawing 5 (c)). Since this first electrode thin film 3 is formed at the room 



temperature using the sputtering method, the wax 19 has maintained that front face, without 
melting, and can form the small first electrode thin film 3 of surface roughness. Moreover, in 
case it graduates, the particle on the front face of a substrate has the effectiveness of a pile in 
dedropping. 

[0037] Next, a wax 19 is removed by dipping into alcohol, where this first electrode thin film 3 is 
formed ( drawing 5 (d)). In this way, since the formed first electrode thin film 3 has kept surface 
roughness small, it can make thickness of a solid electrolyte thin film thin like the above- 
mentioned example on this, and can obtain good high oxygen pumping of oxygen ion 
conductivity. 

[0038] In addition, in this example, before forming the first electrode thin film 3, it is desirable to 
irradiate argon ion and oxygen ion in the polished surface which the condition of drawing 5 (b) 
graduated. This is for the wax component which remained to the field which the porosity 
substrate 2 ground to be removed by ion irradiation, and for the bond strength of the first 
electrode thin film 3 to improve by it. 

[0039] In addition, although the first electrode thin film 3 was formed by the sputtering method 
in this example, you may form with a vacuum deposition method, plating, etc. 
[0040] Moreover, although the wax was used as an ingredient filled up with this example to the 
pore section of the porosity substrate 2, low-melt point point metals, such as lead, may instead be 
used. In this case, as for the metal used for restoration, what can carry out etching removal easily 
with an acid solution is desirable. 

[0041] (Gestalt 4 of operation) Drawing 6 is the schematic diagram having shown the approach 
of smoothing of the porosity substrate by the fourth example of this invention, and (a) and (b) are 
the process drawing. 

[0042] In drawing 6 , 2 is the same porosity substrate as the first example, and 3 is the first 
electrode thin film which consists of platinum formed on it. In this example, the thickness of the 
first electrode thin film 3 is completely formed for the front face thickly enough with about 50 
micrometers on the porosity substrate 2 at the wrap sake ( drawing 6 (a)). The condition of 
having deleted about 20 micrometers of front faces of this first electrode thin film 3 by polish, 
and having graduated them is drawing 6 (b). 

[0043] In this way, if the small first electrode thin film 3 of surface roughness is formed, the 
solid electrolyte thin film of the thin thickness can be carried out like the above-mentioned 
example on it, and good high oxygen pumping of oxygen ion conductivity can be obtained. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Process drawing of smoothing of the porosity substrate by the gestalt of the first 
example of this invention 

fDrawing 2) The outline block diagram of an anode oxidation method 
rDrawing 3] Structural drawing of an oxide film on anode 

[Drawing 41 Process drawing of smoothing of the porosity substrate by the gestalt of the second 
example of this invention 

[Drawing 5] Process drawing of smoothing of the porosity substrate by the gestalt of the third 
example of this invention 

rDrawing 6] Process drawing of smoothing of the porosity substrate by the gestalt of the fourth 
example of this invention 



[Drawing 7] The outline block diagram of thin film oxygen pumping 

[Drawing 8] The state diagram of the thin film which formed membranes to up to the porosity 
substrate 

[Description of Notations] 

1 Thin Film Oxygen Pumping 

2 Porosity Substrate 

3 First Electrode Thin Film 

4 Solid Electrolyte Thin Film 

5 Second Electrode Thin Film 

6 DC Power Supply 



CLAIMS 



[Claim(s)] 

[Claim 1] The porosity substrate which comes to form the porous layer which a front face is 
smooth and has a detailed hole on a porous substrate. 

[Claim 2] A porous layer is a porosity substrate according to claim 1 which has the through tube 
penetrated in the thickness direction of a detailed aperture. 

[Claim 3] A porous layer is a porosity substrate according to claim 1 or 2 which consists of a 
metallic oxide. 

[Claim 4] A porous layer is a porosity substrate according to claim 3 which consists of an oxide 
of the metal porosity-ized with an anode oxidation method. 

[Claim 5] The manufacture approach of a porosity substrate of having the process which forms a 
thin film on a porous substrate, the process which forms the porous layer which has a detailed 
hole by processing said thin film, and the process which graduates the front face of said porous 
layer. 

[Claim 6] The manufacture approach of a porosity substrate of having the process which forms a 
metal membrane on a porous substrate, the process which forms the porous layer which has a 
detailed hole by anodizing said metal membrane, and the process which graduates the front face 
of said porous layer. 

[Claim 7] The manufacture approach of the porosity substrate according to claim 6 characterized 
by making the field where the field in which the metal membrane was formed is opposite counter 
with cathode, and anodizing it in an acid solution in the process which forms a porous layer. 
[Claim 8] The manufacture approach of a porosity substrate of having the process which forms a 
metal oxide film on a porous substrate, the process which forms the porous layer which has a 
detailed hole by returning said metal oxide film, and the process which graduates the front face 
of said porous layer. 

[Claim 9] The process which forms a metal oxide film is the manufacture approach of a porosity 
substrate according to claim 8 of having the process which forms a metal membrane on a porous 
substrate, and the process which oxidizes said metal membrane. 

[Claim 10] The manufacture approach of a porosity substrate of having the process which fills up 
the inside of the hole of a porous substrate into a solvent or a specific etching solution with the 
solid-state of fusibility, the process which graduates the front face of the substrate with which it 
filled up with the solid-state of said fusibility, and the process eluted with said solvent or a 
specific etching solution in the solid-state with which it filled up in said substrate. 
[Claim 1 1] Thin film oxygen pumping which comes to carry out the laminating of the 1st 



electrode which has a oxidation reduction operation on a porosity substrate given in any of 
claims 1-4 they are, the solid electrolyte thin film which has oxygen ion conductivity, and the 
2nd electrode which has a oxidation reduction operation. 

[Claim 12] Thin film oxygen pumping characterized by graduating the front face of said 1 st 
electrode on a porous substrate in thin film oxygen pumping which comes to carry out the 
laminating of the 1st electrode which has a oxidation reduction operation, the solid electrolyte 
thin film which has oxygen ion conductivity, and the 2nd electrode which has a oxidation 
reduction operation. 

[Claim 13] The manufacture approach of thin film oxygen pumping which has the process which 
forms a metal membrane on a porous substrate, the process which forms the porous layer which 
has a detailed hole by processing said metal membrane, the process which graduates the front 
face of said porous layer, the 1st electrode which have a oxidation-reduction operation on said 
graduated porous layer, the solid-electrolyte thin film which have oxygen ion conductivity, and 
the process which carry out the laminating of the 2nd electrode which has a oxidation-reduction 
operation. 

[Claim 14] The manufacture approach of thin film oxygen pumping according to claim 13 
characterized by anodizing a metal membrane in the process which forms a porous layer. 
[Claim 15] The manufacture approach of thin film oxygen pumping according to claim 13 
characterized by making the field where the field in which the metal membrane was formed is 
opposite counter with cathode, and anodizing it in an acid solution in the process which forms a 
porous layer. 

[Claim 16] The manufacture approach of thin film oxygen pumping which has the process which 
forms a metal oxide film on a porous substrate, the process which form the porous layer which 
has a detailed hole by returning said metal oxide film, the process which graduate the front face 
of said porous layer, the 1st electrode which have a oxidation-reduction operation on said 
graduated porous layer, the solid-electrolyte thin film which have oxygen ion conductivity, and 
the process which carry out the laminating of the 2nd electrode which has a oxidation-reduction 
operation. 

[Claim 17] The process which forms a metal oxide film is the manufacture approach of thin film 
oxygen pumping according to claim 16 which has the process which forms a metal membrane on 
a porous substrate, and the process which oxidizes said metal membrane. 
[Claim 18] The process which fills up the inside of the hole of a porous substrate into a solvent 
or a specific etching solution with the solid-state of fusibility, The process which graduates the 
front face of the substrate with which it filled up with the solid-state of said fusibility, and the 1st 
electrode which has a oxidation reduction operation on said graduated porous layer, The 
manufacture approach of thin film oxygen pumping which has the solid electrolyte thin film 
which has oxygen ion conductivity, the process which carries out the laminating of the 2nd 
electrode which has a oxidation reduction operation, and the process eluted with said solvent or a 
specific etching solution in the solid-state with which it filled up in said substrate. 
[Claim 19] The manufacture approach of thin film oxygen pumping which has the process which 
forms the 1st electrode which has a oxidation reduction operation on a porous substrate, the 
process which graduates the front face of said 1st substrate, the solid electrolyte thin film which 
has oxygen ion conductivity on said 1st graduated electrode, and the process which carries out 
the laminating of the 2nd electrode which has a oxidation reduction operation. 
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